APPENDIX A: SUBSTITUTE SPECIFICATION. CLEAN FORM 
Inspection System and Semiconductor Device Manufacturing Method 

CROSS-REFERENCES TO RRLATED APPL lCATrONS 
[01] NOT APPLICABLE 



STATEMENT A S TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED R ESEARCH OR DEVELOPMENT 

[02] NOT APPLICABLE 



REFERENCE TO A "SEOUENCE LISTING " A TABLE. O R A COMPUTER 
PROGRAM LISTING APPEND IX SUBMITTED ON A COMPACT DISK. 

(031 NOT APPLICABLE 
FIELD OF THE INVENTION 

[04] The present invention relates to inspection systems in the manufacture of 
electronic devices such as semiconductor integrated circuits and also to a methodology 
for manufacturing electronic devices using this inspection system. 

BACKGROUND OF THE INVENTION 

[05] In the manufacture of electronic devices typically including semiconductor 
integrated circuits, after detection of defects using, for example, a dark-field and/or 
bright-field wafer inspection apparatus, an image taking apparatus with a built-in electron 
microscope or a similar review apparatus is used in some cases for analyzing the 
individual defects thus detected. It should be noted that while a dark-field wafer 
inspection apparatus detects particles attached to wafers, and a bright field wafer 
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inspection apparatus detects pattern defects formed on wafers, such particles and pattern 
defects will be termed "defects" in the following description. 

[06] Currently available review apparatuses are generally designed to sense or pick up 
the position of an individual defect as an image having higher resolution than is available 
using dark-field and bright-field wafer inspection apparatuses. Because of this 
characteristic, such review apparatuses are not for imaging the positions of all possible 
defects detected by an inspection apparatus but for sampling the defect positions within 
wafer surfaces and for performing image sensing operations with respect only to several 
limited surface areas. Traditionally this sampling has been achieved by random 
sampling — ^that is, random selection of defects fi^om among those defects detected. 
[07] In addition. Published Unexamined Japanese Patent Application No. 10-214866 
("JP-A- 10-2 14866") discloses a technique, in cases where cluster-shaped defects (such as 
scars) and clustered defects or the like are present, for classifying those defects into 
defects occurring inside or outside the cluster-like defects. In this case, too, random 
sampling of several portions fi-om the inside of the cluster-like defects was done while 
randomly sampling several portions from the outside. 

[08] With the prior art random sampling technique, although it is possible to 
statistically recognize the tendency of defects, the current technologies cannot ensure 
efficient review of any required defects. For example, it is impossible to provide any 
priority-added remedy for critical defects that can lead to electrical failures, which, in 
turn, makes it difficult to effectively improve the resultant yield of production. 

SUMMARY OF THE INVENTION 

[09] It is therefore a primary aim of the present invention to provide an inspection 
system capable of improving inspection efficiency by determining certain defects to 
warrant high-priority review. Another aim is to improve thereby the manufacturing yield 
of semiconductor devices. 
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[lOJ We have taken into careful consideration the relationship of a defect distribution 
and Large Scale Integration chip (hereinafter "LSI") layout, and propose a specific 
technique for enabling selection of defects to be given high-priority review. 
(11] Fig. 10 is a diagram showing a distribution of defects within the chip to be 
detected by the inspection apparatus. 

[12) This diagram shows the superimposition of dots 35, which represent data about 
defects detected by the inspection apparatus, onto a schematic diagram 32 of the circuit 
layout of an LSI chip. More specifically, the detected defects are placed on the LSI 
schematic diagram using position coordinates within each LSI chip on a wafer. Black 
dots represent the individual defects. Rectangular frames B1-B7 are the positions of LSI 
blocks 1-7, respectively. The term "LSI block" as used herein refers to an A/D converter 
block, D/A converter block, memory block, processor block, or the like, in mobile 
wireless telephone handsets, by way of example. LSI blocks are generally called circuit 
blocks, which have independent functions within an LSI and their layout is also separate, 
except for electrical connection of circuits used therein. 
[13] As is apparent from the diagram, a distribution of defects detected by the 
inspection apparatus is closely related to the circuit layout, and exhibits the 
characteristics which follow. 

(1) Defect density is different depending upon the circuit pattern 
density of the circuit layout. In a region in which the circuit layout is coarse and rough, a 
greater number of defects will be detected than in dense regions. Generally, the coarse 
density of circuit pattern differs in units of LSI blocks; for example, processor blocks are 
narrower in circuit pattern width than memory blocks but have greater layout density. 
Hence, an increased number of defects are detected in processor blocks than in memory 
blocks. 

(2) At the LSI block edges (contour parts of the circuit layout), a great 
number of defects are detected. In many cases, this is because the inspection apparatus 
erroneously identifies as defects objects which are actually not defects. These detection 
errors occur in areas with greater convex-concave differences in the circuit pattern. Here, 
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the term "edge portion (contour part)" is used to mean a boundary between circuit blocks, 
which boundary has widths ranging from several tens to several hundreds of 
micrometers. 

[141 Thus, selection through simple random sampling of defects to be reviewed creates 
another problem: inability to efficiently sample such defects as review candidates, e.g., 
those defects which have a higher probability of becoming electrical failures. 
[15] The present invention resolves the foregoing problems by employing a unique 
technique using an LSPs design layout to select defects for review. More specifically, 
LSI design layout information is used to give higher review priority to certain defects that 
are not in close proximity to LSI block contour portions, or, alternatively, to give higher 
review priority to defects present in LSI blocks of dense circuit pattern widths. 
[16] Moreover, the present invention uses a technique for obtaining failure probability 
(kill ratio) relative to defect size in the units of LSI blocks and for reviewing high-failure- 
probability defects. Specified defects most likely to influence production yield are 
reviewed first, which, in turn, makes it easier and faster to inquire about and clarify 
several factors having direct influence on production yield in a shorter period of time, 
thus improving the manufacturing yield. In particular, with a specific type of product 
having a variety of circuit blocks present in a single LSI, such as the system LSIs, 
permitting certain defects to be reviewed with higher priority is important for improving 
yields at eariier stages of the manufacturing process. 

RRTF.F DRSCP TPTTON OF THR DRAWINGS 

[171 Fig- 1 is a diagram showing an example of the processing procedure applied to the 
selection of a defect or defects for review. 

[181 Fig- 2 is a block diagram showing an exemplary arrangement of hardware. 
[19] Fig. 3 is an example of defect map data. 

[20] Fig. 4 is an example of the two-dimensional (2D) map data of Fig. 3. 
[21] Fig. 5 is an enlarged diagram of a chip row 1 and chip column 1 of Fig. 4. 
(22] Fig. 6 is an example of circuit layout data. 
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[23 J Fig. 7 is an example of a method for calculation of failure probability data. 
[24] Fig. 8 is an example of an ensemble of failure probability data. 
[25] Fig. 9 is an example of a file containing layout data. 

[26] Fig, 10 is an example of a relational diagram of defect distribution within a chip 
versus a circuit layout. 

[27] Fig. 1 1 is an example of failure-possibility-added defect map data. 

[28] Fig. 12 is an example of failure-possibility-added defect map data as aligned 

based on failure possibility. 

[29] Fig. 13 is an exemplary selection resuh for a defect considered for review. 
[30] Fig. 14 is another exemplary selection result for a defect considered for review. 
[31] Fig. 15 is still another exemplary selection result for a defect considered for 
review. 

[32] Fig. 16 is an example of a review conditions file. 

[33] Fig. 17 is an exemplary block diagram of a circuit layout. 

[34] Fig. 18 is an exemplary on-screen display of an inspection system. 

[35] Fig. 19 is another exemplary on-screen display of the inspection system. 



DESCRIPTION OF THR PREFERRRD RMBQDIMRNT 

[36] One embodiment of the present invention will now be set forth in detail with 
reference to the accompanying drawings. 

[37] Fig. 2 is a block diagram showing one example of a system configuration of the 
present invention. 

[38] The configuration includes an inspection apparatus 5 1 ; a review apparatus 52; a 
layout CAD apparatus 53; and an analysis unit 60, which is a computer system having an 
arithmetic processor unit 61, a main storage device 62, an auxiliary storage device 63, a 
user interface 64, and a network interface 65. Inspection apparatus 51, review apparatus 
52, layout CAD apparatus 53 and analysis unit 60 are operatively connected and linked 
via a local area network 54 for data transmission among those components. 
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(39) Inspection apparatus 51 may be a dark-field wafer inspection apparatus or a 
bright-field wafer inspection apparatus operable for outputting information about 
coordinate positions and sizes of defects within wafer surfaces. Defect map data from 
inspection apparatus 51 is stored in the test database of auxiliary storage device 63 via 
local area network 54, network interface 65, and main storage device 62 of analysis unit 
60, along with data items indicative of product type names, lot numbers, wafer numbers, 
layer names and so forth. 

[40] Fig. 3 shows one example of the defect map data as detected by the inspection 
apparatus. Defect map data 21 has information concerning the coordinate positions and 
sizes of defects within wafer surfaces. In the illustrative embodiment, defect map data 21 
involves a defect number, chip column, chip row, X- and Y-coordinates and defect 
diameter as written thereinto on a per-defect basis. The defect number is a through 
number which is added to a defect detected by the test apparatus. The chip column, chip 
row and X- and Y-coordinates provide a defect coordinate position. The chip column 
and chip row indicate the position of a chip within a wafer and the X- and Y-coordinates 
indicate the position of a defect within a chip. In short, these are descriptions of the 
states shown in Figs. 4 and 5. 

(411 Fig. 4 depicts the defect map data 21 of Fig. 3 as a two-dimensional (2D) map. A 
circle 22 represents a wafer; rectangular frames inside circle 22 indicate the respective 
chips. The chip column and chip row of defect map data 21 indicate chip arrays firom a 
wafer edge. Black plotted points 101 to 1 10 are positions of defects and are analogous to 
defect numbers 1 to 10 given in defect data map 21, the positions being based on the chip 
columns and chip rows and the X- and Y-coordinates. 

1421 Fig. 5 shows an enlarged chip belonging to chip column 1 and chip row 1 of Fig. 
4. A rectangular frame 31 denotes a chip, wherein the defect 1 of data map 21 is plotted 
as defect position 101, based on the X- and Y-coordinates fi^m data map 21 which 
originate, in this figure, at the lower left edge of the chip. 

143] On the other hand, circuit layout data having designs completed by layout CAD 
apparatus 53 is stored in auxiliary storage device 63. along with a product type name and 
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a layer name, via local area network 54, network interface 65, and main storage device 62 
of analysis unit 60. One example is that position information for blocks B1-B7 in a chip 
(see Fig. 10) is generated from the circuit layout data and stored as layout data in 
auxiliary storage device 63. Note that this layout data need not be generated exclusively 
from the layout CAD apparatus and may merely be stored in auxiliary storage device 63 
along with the product type name and layer name. 

[44] Fig. 9 shows one example of the layout data. With layout data file 72 shown in 
Fig. 9, the position information of an LSI block bl is stored together with a product type 
name LOGIC234, layer name METALl and failure probability data for the block name 
bl, and the coordinates of block bl refer to a rectangle with the diagonal vertex 
coordinates X=5, Y=80 and X=20, Y=95 within the chip. In addition, the relation of each 
defect diameter versus failure probability is described in this file. A layout data file of 
this type is created for each of the LSI blocks B1-B7 shown in Fig. 10. 
(45J Referring now to Figs 6, 7, and 8, an explanation is given of one example of the 
method for calculating failure probability using the circuit layout data in accordance with 
a defect diameter. 

[461 Fig. 6 is an example of the circuit layout data. The circuit layout data are 2D 
graphics data of mask patterns for use during transfer of a circuit pattern of an LSI circuit 
by a photolithographic apparatus. Reference number 32 denotes a schematic diagram of 
a circuit layout, wherein rectangular frames Bl to B7 are the positions of LSI blocks 1 to 
7, respectively. An enlarged view 33 of a portion of B6 indicated by oblique lines is 
shown. The white portions within the enlarged view 33 are pattemless circuit portions 
whereas the gray portions constitute circuit pattern portions. 

[47] Fig. 7 is a diagram showing a method for calculating failure probability (kill ratio) 
data from the circuit layout data. This method is presently applied to yield prediction 
schemes as disclosed in Published Unexamined Japanese Patent Application Nos. 48- 
40376 and 8-162510 and also in C. H. Stapper, "Modeling of Defects in Integrated 
Circuit Photolithographic Patterns," IBM Journal of Research and npy^inp rnpr^i Vol. 28, 
No. 4, 1984. More specifically, the so-called Monte Carlo simulation is applied to the 
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circuit pattern of each layer of the circuit layout data, thereby causing virtual circular 
defects of the same diameter to generate at random positions. Reference number 34 
indicates an enlarged view of LSI block position B6 with the circuit patterns being 
collated with such virtual defects. In this example, virtual defects with oblique lines 
added to the circular frames of 121, 122 are electrical short circuit failures; in contrast, 
virtual defects indicated by the white circles 123-129 will not result in any electrical 
failures. 

[48] The failure probability in this example is two-ninths, wherein defects plotted 
along the vertical axis have failure probability and those plotted along the transverse axis 
are defect diameters shown as white rhombic plot points. Such simulation is performed 
for various virtual defects with different diameter values, and plotted as white triangles. 
A curve passing though the triangular plot points and rhombic plots is a failure 
probability data curve 71. 

[49] Fig. 8 is a pictorial representation of an ensemble or "assembly" of failure 
probability data items. Here, the simulation shown in Fig. 7 is performed with respect to 
each product type and each layer on a per-LSI-block basis, on a per-entire-chip-surface 
basis or on a per-2D-region basis, thereby to calculate the respective failure probability 
data. And, based on this, the information in layout data file 72 shown in Fig. 9 is 
obtained for the units of the respective LSI blocks. 

[50] Auxiliary storage device 63 also stores therein review conditions used for the 
selection of defects to be reviewed as will be described later, and programs for the 
selection of multiple defects to be reviewed, which also will be described later. 
[51] The flow of a series of processing tasks for selecting muUiple defects for review 
will now be described with reference to Fig. 1. 

[52] A wafer that has passed the inspection by inspection apparatus 5 1 is set at review 
apparatus 52, which reads the wafer ID (step 101). In addition, the wafer's layer name is 
set up. 

[531 Upon input of the wafer ID and layer name, these information items are sent to 
main storage device 62 of analysis unit 60 through local area network 54 and network 
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interface 65. Note that the wafer ID is the information indicative of a product type name, 
a lot number and a wafer number. 

(54J Step 102 searches any corresponding defect map data (see Fig. 3) to be stored in 
the auxiliary storage device 63 based on the received information of wafer ID and layer 
name, and then stores such searched defect map data into the main storage device 62. 
(55] Step 103 reads an ensemble of layout data 72 (see Fig. 9) within auxiliary storage 
device 63 based on the wafer ID and layer name being stored in main storage device 62, 
and stores it in the main storage device. 

[56J Next, step 104 calculates the number of defects from the defect map data stored in 
main storage device 62 at step 102, and thereafter step 105 executes the following 
processing, for each of defect numbers 1 to "N". 

[57] For each defect of the defect map data, step 106 compares the X- and Y- 
coordinates to the layout data block coordinates to determine or "judge" a block name to 
which the defect belongs while at the same time judging whether or not such defect's 
position is at a block edge, and then stores the result in main storage device 62. Here, 
determining whether the defect is in a block edge or not may be ascertained in such a way 
that if a distance from the defect to an LSI block edge is less than a predesignated 
threshold value, the defect is determined to be present at the block edge. An alternative 
approach is to represent the distance by coordinates indicative of an allowable range and 
then make a decision by determining whether the defect falls within the coordinate range. 
Because the defect's position coordinates are set by chip coordinates rather than wafer 
coordinates in this embodiment, it is possible to readily perform a comparison with all the 
above-noted layout data block coordinates for all the chips concerned. In case more than 
one type of LSI is formed in a single wafer, the comparison may be done while setting 
the layout data for each LSI. 

[58] Step 107 calculates a failure probability to be defined in its corresponding 
ensemble layout data 72 based on the defect map data's defect diameters stored in main 
storage device 62, then, stores the calculation result in main storage device 62. 
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,591 Next step 108 reads the block natne, the data indioating whether or t^t the defect 
is a. the block edge, and the failure probabilities which have been calculate) at steps 10^ 
108 and stored in main storage device 62, then generates failure-probability-added defect 
^apdata. Fig. 11 is an example of such failure-probability-added defect map data. The 
Mure-probability-added defect map data 23 is such that the results obtained from the 
defect-containing block, whether it is an LSI block or not, and the failure probabtUty are 
added to the defect map data 21 shown in Fig. 3. Step 109 ,ep«>ts steps 10^108 w.th 
respect to all available defects. 

,601 Next, step 110 reads a conditions of review file within auxiliary storage devtce 63 
based on the wafer ID and layer name stored in main stomge device 62 «.d then stores ,t 
ta the main storage device 62 (step 1 10). Here, dte review condition is the one that may 
be fteely set by users; for example, a speciflcation for extraction of only those defects 
having a failure probability greater dtan or equal to a prespecifed value; a specficauon 
for extraction of those defects that are not presem al block edges; a specification for 
extraction of oriy those defects with defect sizes greater than or equal to a preselected 
value or, alternatively, less than or equal thereto; a spectfication for ext.«=tion of only 
those defects present in specified blocks, or a specification for extracuon of a 
predetermined number of defects from each block. Alt«™«ively, a user may employ a 
specification that combines some or all of these. An advantage of these schemes is that 
tose defects which can cause electrical failures may be efficlendy selected ftom among 
a large number of defects detected by the inspection apparatus. A practical and 
meaningfitl review condition is to select specific defects that influence production yeld 
while excluding defects with no influence upon the yield. 
1611 Fig. 16 is an example of a conditions of review file. Reference number 41 
indicates an example of a file that is stored in auxiliary storage device 63 and that pemt.ts 
a person in charge of defect analysis to establish an appropriate review specficauon from 
user interface 64 of analysis unit 60. In this example, review of a product type named 
LOG1C234 and layer named METALl is capable of letting a maximum of twenty defects 
be reviewed and. simultaneously, an instruction is given to review defects excluding 
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those in block B5 and those present at the block edges of LSI blocks Bl, B2, except for 
certain defects which have a failure probability greater than or equal to 0.30. Thus 
specific defects, out of all those detected by inspection apparatus 51, which satisfy these 
conditions will be reviewed by review apparatus 52. 

[62] Next, step 1 1 1 sorts the failure-probability-added defect map data 23 within main 
storage device 62 in serial order so that data with higher failure probabilities come 
before the others, and then stores the data in main storage device 62. Fig. 12 is defect 
map data 24 that has been sorted based on failure probability. The failure-probability- 
added defect map data 23 of Fig. 1 1 is recorded so that defects are listed in the order of 
highest failure probability to lesser failure probability. Note here that if review is done 
without regard to the failure probability then, obviously, this step and the step of 
calculating the failure probability (and any associated arrangements thereof) will no 
longer be required. However, in view of the fact that the failure probability is also a 
parameter or "barometer" that clearly indicates critical defects, it can be said that 
reviewing defects having higher failure probabilities is an effective way to review the 
most serious defects. 

[63] Next, step 1 12 classifies defect map data into the defects of interest and the 
defects of no interest according to the conditions of review in main storage device 62, 
then selects one or more defects to be reviewed, and stores the data in main storage 
device 62. 

[64] Fig. 13 is an example of a defect to be reviewed as selected from defect map data 
23. Reference number 26 indicates an example with the top five defects selected from 
defect map data 23 and sorted according to the failure probability while excluding those 
defects found to be present at LSI block edges. An advantage is that any defects detected 
from the LSI block edges, which have a high likelihood of being noncritical, can be 
successfully excluded. 

[65] Fig. 14 is another example of the selection of defects to be reviewed using defect 
map data 24. Reference number 27 indicates an example with the top five defects being 
specified for review, wherein the five defects have been selected from defect map data 24 
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and sorted based on failure probability while excluding those defects belonging to an LSI 
block b5. An advantage of this process is that any defects generated at b5, which are 
known in advance, based on experience, to be noncritical, are capable of being 
successfully excluded. 

[66] Fig. 15 is still another example of selection of defects to be considered for review 
using defect map data 23. Reference number 25 indicates a Ust of the top five defects 
from defect map data 24 sorted according to descending failure probability. Exactly how 
many high-priority defects are specified as the defects for review is determined from the 
actual processing rate of the review apparatus and/or LSI wafer production volume, or the 
like. Moreover, since the failure probability being calculated changes in value in 
accordance with the layout, i.e., the degree of density and coarseness of each block, it 
becomes possible for those defects with a tendency to become critical defects to be 
reviewed in accordance with the layout. 

[67] Finally, step 1 1 3 transfers the defects to be reviewed selection resuU from main 
storage device 62 to review apparatus 52 via network interface 65 and local area network 
54. The review apparatus 52 reviews the defects in a highest priority order based on the 
defect selection result thus received. At this time, the coordinates of such defects have 
already been defined in the defect selection result; thus, it is possible to drive the review 
apparatus based on this information. Also note that if defects to be reviewed are selected 
because of the defect selection result, then a technique can be used whereby the order of 
review of the defects can be revised in order to review them efficiently. This technique 
may be executed by either review apparatus 52 or analysis unit 60. 
[68] Fig. 17 shows one example of the structure of circuit layout data. Circuit layout 
data of a single LSI is generally designed to have a hierarchical structure in units of LSI 
blocks as shown in this figure. A "root" is to be understood to mean an entire LSI, 
wherein B1-B7 are LSI blocks. Furthermore, Bl 1, B12, B21, B22, B41, B51, B52, B53, 
B61, B62, B121, B221, B531, B532 and B5321 are sub-blocks of the LSI blocks or, 
alternatively, further subblocks of subblocks. In this example, LSI blocks Bl - B7 are 
included in the root. In addition, subblocks Bl 1 and B12 are involved in LSI block Bl. 
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Further, B121 is included as a subblock of B12. Here, the LSI block's hierarchical 
structure is hierarchical in functionality and. thus, does not mean any layer of the LSI. 
Several layers are present in the same block and subblock. Additionally the same layer's 
circuit pattern is included in different blocks. Because of this, the simulation for 
obtaining the failure probability that was explained in conjunction with Fig. 7 is carried 
out such that a circuit pattern of the same layer is extracted from each block of this 
structure to thereby prepare per-layer data. 

[691 Fig. 1 8 is an example of an on-screen display of analysis unit 60. This drawing 
shows defect map data of a layer named METALl with a product type name LOGIC234, 
a lot number LOT55 and a wafer number 10. This result is obtained after having selected 
the defects to be reviewed while using the review conditions 41 shown in Fig. 16. Image 
81 displays a defect position distribution with such defect map data plotted by dots, using 
the coordinates within a chip, and provides a display superimposed on a schematic 
diagram ofthe circuit layout. Image 82 displays defect map data at wafer level. Both 
images display the same defect map data. Black triangles are the selection results of 
defects to be reviewed. Here, three defects satisfied review conditions 41. White circles 
are defects as determined under review conditions 41 to be excluded from the defects to 
be reviewed irrespective ofthe failure probability thereof; whereas black circles are 
defects that were never candidates for review because their failure probabilities were less 
than 0.30. In this way, simultaneously displaying the defects as selected for review along 
with on-chip defect distribution and/or circuit layout, as well as showing the wafer level, 
makes it possible to recognize defects for review with increased understanding. Here, 
when displaying a schematic diagram of a circuit layout such as image 81, the detailed 
circuit layout as presented in Fig. 17 is no longer required. In order to rapidly display the 
entirety of a chip with the circuit layout data, it is effective to compress the circuit layout 
data in auxiliary storage device 63 as bitmap data. 

[70J Fig. 19 is another example of the on-screen display of analysis unit 60. This 
drawing shows the same defect map data as in Fig. 18. Image 81 is the same as that of 
Fig. 18. Image 83 is a result obtained through a process having the step of clicking while 
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pointing a cursor 84 at a single defect within image 81 to search for and display the 
layout data of circuitry near or around the defect. In image 83, a circular frame 85 is 
drawn with the position of the defect at the center, pursuant to the size of the defect, 
thereby enabling easy recognition of the relation of this defect to the circuit pattern prior 
to executing the review. In addition, image 86 is a graph depicting a failure probability 
data curve of an LSI block in which the defect clicked with cursor 84 is present; image 87 
IS the size of that defect. Visually displaying both the defect size and the failure 
probability data at the same time, makes it possible to confirm the reason for selecting 
this defect for review. In this example, the review conditions are to be determined by 
selection of a review of umiecessary circuit blocks, or of block edges or by using an 
alternative definition of failure probability, based on results obtained after executing a 
review without any inspections and conditions. 

[711 So far, the same layout data file (Fig. 9) has been used without regard to the on- 
wafer chip positions; however, in many cases, the mte of occurrence of critical defects 
can differ within wafer surfaces. In particular, the quest for larger wafer diameters makes 
such a phenomenon more appreciable. To cope with this phenomenon, one approach is 
to perform defect selection by employing in combination prior known random samphng 
techniques and the above-discussed method for selecting defects by failure probability 
In other words, both the process of reviewing defects through prior art random sampling 
and the above-stated process of reviewing by using the failure-probability-based defect 
selection methodology are performed at the same time. This also makes it possible to 
unifonnly select on-wafer defects. Alternatively, similar effects are obtainable either by 
extracting them through random sampling of failure probability results greater than or 
equal to a pre-specified value or by performing random sampling of those defects not 
present at any block edges. Another alternative approach is to subdivide an entire wafer 
surface mto specific areas by use of chip coordinates, with each of the areas thus divided 
then subject to defect extraction. In this case, it would readily occur to those skilled in 
the art that the finer the areas, the more uniform the review of the entire wafer face 
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172) It has been stated that a more efficient inspection of semiconductor chips than 
provided by the prior art is achievable by using a specific method during inspection of 
particles and pattern defects of wafers forming electronic devices, which method includes 
the steps of sampling certain defects having a high potential for causing electrical 
failures, and then giving such defects with high-priority review. Similarly, it is also 
possible to review the defects having a high potential, in themselves, for becoming 
electrical failures. 

173] In accordance with the present invention, the use of layout information makes it 
possible to improve inspection efficiency by determining defects for high-priority review, 
thereby improving the resulting yield of production. 
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Please amend the specification as originally filed as follows: 



Inspection System and Semicondnpt or Device Manufacturing Method 
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FffiLD OF TH E INVFNTTON 

The present invention relates to inspection systems in the manufacture of 
electronic devices such as semiconductor integrated circuits and also to 2.methodology 
for manufacturing electronic devices using the^eme rthis inspection sv^tPf n, 



BACKGROUND OF THF TNVF^yn>| 

In the manufacture of electronic devices typically including semiconductor 
integrated circuits, after detection of defects usin g, for example a dark-fieldwefef 
inopootion apparatus and/or bright-field wafer inspection apparatus, aiLimage taking 
apparatus with a built-in electron microscope or oloo, for oxamplo review appaiu t ua ^a 
similar review apparaHis is used in some cases fo rtho purpoac of analyzing the individual 
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defects thus detected. It should be noted that while thea dark-field wafer inspection 
apparatus io the ono that io operable to dctc cl d stesls particles attached to w^gforo whereas 
tb ewafers. and a bright field wafer inspection apparatus io for detection o f detects pattern 
defectsas formed on wafers, such particles and pattern defects will be goncrally called 
theisoasd "defects" in the.following description. 

ProaentlyCurrgntly available review opparatua i aa pparatuses ure. generally 
designed to sense or pick up the position of an individual defect as an image e fliaving 
higher resolution than is available using HarKfiffl Humfnr .nnpnnn^n nppnratuj and bright- 
field wafer inspection apparatus. Due to thio, the review apparatua ia not for image 
piekup^apparatuses. Because of this characteri sM r such review aonaratuses are nn^ for 
imaging the positions of all possible defectsas detected by aiLinspection apparatus but 
fo roKccution of sampling efM defect positions within wafer surfaces and for 
performance of anperformjng image sensing operations with respect only t o several 
limited portions only.surfage areas, Traditionally this sampling has been achieved by 
OKOoution of random aamplina thutrandom sampling— that is, random selection of defects 
fi-om among those defects detected. 

In addition, ao diacloacd in PubUshed Unexamined Japanese Patent 
Application No. 10-214866 ("JP A 10 21 1 8 66"), there ia a tcohniquo for 
clagaifying.rjP-A- 10-214866") discloses a terhnig ne, in cases where cluster-shaped 
defects ouch aa scarsfsuch as scars) and clustered defects or the like are present, for 
classifying those defects ao dotcctcd b>' inspection apparatuo into ones inside efinto 
defects occurring inside or outside the cluster-like d£to_dofoetD and the othci^ outride 
thereof; however, oven in Uiis case ubu.In this case tnn , random sampling of several 
portions fi-om the inside of saehtlie cluster-like defects was done while randomly 
sampling severalether portions fi-om the outside. 

With the prior art random sampling technique, although it is possible to 
statistically recognize the tendency of defects, thio ia incapable of onouring ochievcmcnt 
of efficient rcvicw-ing of any required defects f u i the current technoln| .ies r.;.nnnt ^nc,.r. 
efficient review pf any required defects, For example, it is impossible to provide any 
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priority-added remedy for critical defects that can lead to oceurrenco of unwanted 
electrical failures, which in tum which. in turn, makes it difficult to effectively improve 
the resultant yield of production. 

SUMMARY OF THE INVRNTTON 

It is therefore a primary aim of the present invention to provide an 
inspection system capable of improvingthe inspection efficiency through judgment ofb y 
dgt^nnining certain defects to be rovicwcd with higher priority. warrant high-priority 
r^vigw, Another aim is to improve thereby the manufacturing yield of semiconductor 
devices. 

We have taken into careful consideration the relationship of a defect 
distribution and fcStLarpe Scale Tntegratinn chip (hereinafter "LST";^ layout^ and 
proposcsg ropase a specific technique for enabling selection of defects to be roviowcd 
with higher prioritv. given high-priority review. 

Fig. 10 is a diagram showing a distribution of defects within the chip to be 
detected by the inspection apparatus. 

This diagram ia the ono that dot3 data 35 of defects dotoctod by the 
inapection apparatus into a ochcmatic diagram 32 of the design circuit layout of an LSI 
chip. More apccifically, it is tho ono that adds as points ouoh dctcctod dofocto by uac of 
position coordinates within each LSI chip on a wafer. Black paintc ds hows the 
StfPCrirnPP^ition of dots 35. which represent data a b out defects detected bv the inspection 
WParatus. on tQ a schematic diagram 32 of the circuit lavout of an LSI chip. More 
SpgcifigaHv. the detected defects are placed on the L S I schematic diagram using position 
gOQrdinqtg?) within qagh LSI cirolco represent tho individual dofocto. Rectangular frames 
of from Bl to B7 arc tho positions of an LSI blooko 1 to LSI block 7, rospoctivcly. Here, 
th e term "LSI block" as used heroin refers to an A/D convortcr block, D/A converter 
block, memory^ block, procGssor block or tho liko in the caoo of mobile wiroloso telephone 
handsets, by way of oxamplo. LSI blooko aro generally called the oirouit bloclca, which 
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or nltomativolj t o rovio^ ih u jc d tfoPt a bciu^ . piu u it i n r ,S T l ili u lu u f dcajc ui t uii 
pattern widtho with higher priority T 

Additionally g tc t hniquc ij u .t J f u r obtaining fuilme probabili t y (lull 



f ni h.ro probabili t y . Whn.hy, . pL ufi t d d nfn .tp high in p uj jibilit)- to gi a influ u iut t o 
pr nr lnc-tion )-icld . il l fi rn t bo rc > i u . t d tflf i n i n ntly, » hi c h in I mn m nlr c 3 it m jiu tu iaquu t 
nn d ohrify ,,, u al f nn t n ra with diiu c t infln o nccabili tj >Hthin n n ho rtcu L J t imt p u i u d. 
t h n n .hortoning u t imn an made fuilmc pi nr ln ntn n.id hup iu uug t hn m n nufaauiiiig >idd. 
T n pQrtioulai^vuth n nn nr ifi i i,,,, fprn^..n.. .jn ,,, i nrirQ nP. hui it bl u t lu 
pr nnon t in a aingk L$l n .nh the . u . ullH nj -n t rn . LSL, judgiug rinfnct. tu bt lui c . c d 
with higher pn o ii t y i i impoUunt f u i y iMdi i mpi u , u n u .U n t nn rhcr j t ugu in t h e 
manufacture th ucu f.chip on a wafer Rl.rk dot. r.nr...n. i-f viii,,! drfrrT, 
R^Ctangnlar fran.es RI-B7 are the positions oft ST hlo.W 1-7 ...p ..^^,., , ^h r trmi 
%SI block" as used hpr ein refers an ^ /r> 



converter block D/A cnn^,^^ |.|^|. 
memory block proee,,or block or the like in n^ohil. H rnhon. h.nH..^, 

way of example 1 SI blocks are f.enen,llv called ..v...^. k, ..^ ,. ^hieh h.». in -f-r-Tf°nT 
fitnction.s wit h in an T SI and their lavont is .Iso sen.r.t. .v..p ^ .. . eleetri..l 
of circuity ^sed therpjp 

A? is apparent from thP diagram a di.strihntinn nf d e fects defert^^ th» 
inspwtiop apparaftts is closely related tn the r.v.i ,; t iavo,.t ..nd .^ h;^;|c IV 
characteristics whiyh fnU/.^,^ 

Defect density is differen t dependin g unon the r^ myi^ ^^^^^^^ 

dCTsitV of the rircnit layot.t. Tn a region in which the ..V...| .^ y.^.t i. course .nd „ 
g reater number of defects will be detected th.n in dense rep ^nn. r,. , , ,, i i y ^t^, 



narrower in cirniit patfem Width than memory hlncW K,. ^ .y, 
Hence, an inrreasf d n^mb^r of defects are detected in p r.,ec,.. u ,,,^, ,H.n in 
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(2) At the LST block edges f contour parts n f the circuit lavoutV a preat 

nwnber Pf dete are detected. In many cases, this is beca u se the inspertion anparatiis 
erroneon^ly idetitifies as defects objects which are actually n o t deferts Th^«^ d ft'-Pti^^r 
errors occur in areas with preater convex-concave differences i n the circiiit p ^tt^^ p^^ 
the term "edge portion ( contovir part)" is used to mean a hn,.nH«rv between r^irmit 
which bQUndary has widths ranging from several tens to seve r al hundreds p f 
micrometers 

Thus, selection through simple random sa m nliny of defects to be reviewed 
grgatgS another problem: inability to efficientiv sample s u ch defects as review candiHat^ .;, 
e.g . . thpge defects which have a higher pr o hahilitv nf hecoming elertrir^l fail^ ir^^ 

The present invention resolves the fnr e goinp prohiems hv emp lnyir^g ^ 
Uniqye technique usinp an LST's design la y out to select defects for review Mnr^ 
gpecifically. LSI design layout informatio n is used to ^ive higher review nrioritv tn 
certain defects that are not in close proximity to LSI hinck rnnt o ur portions , nr 

altgrnatively. to give hipher review priority to defects presen t in lst hinrVs nf d ^"ff'> 

circuit pattern y/'dthft, 

Moreover, the present invention uses a te/^h n ioue for ohtaininf. fi„ 7ny^ 
probability (kill ratio) relarive to defect si^e in the units nf T blocks and for revip^ nn;. 
high-failyre-probabilitv defects. Specified d e fects most likely to influence p rnHi^^tf^l 
yield are reviewed first, which in turn, makes it ea sier and faster to inquire about .nH 
clarify several factors havinp d irect infl ue nce on production yield in a shorter p e ^ oH of 
time, thus improving the manufacturinp yiel d . Tn particular, with a .specific typ e pf 
product having a variety pf circuit blocks present in a single T Si . such as the system 
LSIs. permitting certain defects to be revie w ed with hig h er nrioritv is important for 

improving yields at earlier stages of the ma nufactnrinp p rpcpcs 
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BRIEF nF.srRTPTTnM np ^F F BR awtn^ p^q 

Fig. 1 is a diagram showing mem example of the j2rQ£S5Sillg.procedureef 
Pfeeessiflg applied to tlie.selection of a defect or defects to bo rovicwcd. for review 

Fig. 2 is one example of a block diagram showing an S2C£meiaiy 
arrangement of hardware. 

Fig. 3 is eftean example of defect map data. 

Fig. 4 is oftean example of lhg.two-dimensionaI (2D) map data of Fig. 3. 
Fig. 5 is an enlarged diagram of a chip row 1 and chip column 1 of Fig. 4. 
Fig. 6 is an example of circuit layout data. 

Fig. 7 is an example of a method for calculation of failure probability data. 
Fig. 8 is an example of an ensemble of failure probability data. 
Fig. 9 is an example of a file etoiaimng layout data. 
Fig. 10 is an example of a relational diagram of adefect distributionef 
defeets within a chip versus a.circuit layout. 

Fig. 1 1 is an example of fni h i ro posaibili t y udd t d failure-pnssihili f Y-; ,.^^^^ 
defect map data. 

Fig. 12 is an example of fn ih . ro pooaibili t , udd c d failure.no..;hn.-tY .p^^^^ 
defect map data as aligned based on failure possibility. 

^n o oxomplQiy t ci bo rovich o d d e fect aclccti o u i c. uli.a a 
exemplary 8f lecti on result fo r a defert ^nn^ i dered fnr r^yj ^^y 

Fig. 14 is another exemplary to bo reviewed dofoot aclc ut i o u 

feSttfeseleCtion r^snlf fnr ^ ^.f».| consid^r^^ fnr r^y i^.y 

Fig. 15 is still another exemplary t o be reviewed dcfoct oclcc l i u ii 

fesakrselectinn r^^y]t far . H^f^ct consiHpr,>H far r.„i^„. 

Fig. 16 is an example of a review conditions file. 

Fig. 17 is an emmpk^&^smnslm block diagram'iho^N-ing a oUucluic of 
S-Circuit layout. 

Fig. 18 is an exemplary on-screen displayimage of an inspection system. 
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Fig. 1 9 is another exemplary on-screen displayimage of the inspection I 

system. 

DESCRIPTION OF THF. PRF FERRED RMROniMFNT 

One proforrcd form embodiment of the present invention will now be set 
forth in detail with reference to the accompanying drawings-beiew. 

Fig. 2 is a block diagram showing one example of a system configuration 
of the present invention. 

Rofcronco numeral "5 1 " is used herein to designate an inspection 
apparatuo; 52 denotes a rc\'ic\\' apparatus; 53 is a Igj'out CAD apporotua. Numeral 60 
dooignatcD a analyoio unit,The configuration includes an insp e ction apparatus S 1 ; ^ 
review apparat<^s n\ ^ layout CAD aPDaratiis 53: and an anal v si.s unit 60, which is a 
computer system having an arithmetic processor unit 61, a.main storage device 62, an 
auxiliary storage device 63, a_user interface 64, and a.network interface 65. The 
«speetie a I nspectiQn apparatus 5 1-, review apparatus 52, layout CAD apparatus 53 and 
analysis unit 60 are operatively connected and linkedtegetheF via a local area network 54 
forpermitting data transmission thoreamong where neecasai-y. among those rnmp nn^n^^ 

The inspeetionlngpection apparatus 5 1 may be a dark fiol d dark-field wafer 
inspection apparahis or a bright field bright-field wafer inspection apparatus operable te 
etrtptt tfpr outputting information afr4eabottt coordinate positions and sizes of defects 
within wafer surfaces. Defect map data that io an inapootion result of thc fmm inspection 
apparatus 51 is stored in Ihe.test database ofthe auxiliary storage device 63 viathe local 
area network 5^ and thc^ network interface 65» andthe main storage device 62 of 
analysis unit 60, along with data items indicative of product type names, lot numbers, 
wafer numbers, layer names and ethefs^ so forth. 

Fig. 3 shows one example of the defect map data as detected atby the 
inspection apparatus. Defect map data 21 has information concerning the coordinate 
positions and sizes 2fdefect§.within wafer surfaces in units of defects . In the illustrative 
embodiment.the defect map data 21 involves a defect number, chip column, chip row, X- 
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and Y-coordinates and defect diameter as written thereinto on apeF- esTrdefect basis. The 
defect number is a through number which is added to a defectes detected ethy the test 
apparatus. The chip column, chip row and X- and Y-coordinates arc for indication 
e ^rovide a defect coordinate position. The chip column and chip row indicate the 
position fif a chip within a wate fwafer and the X- and Y-coordinates indicate the position 
of a defect within a chip. To ho brio f. In short, these are fnr donQriptiondescriptions of the 
states shown in Figs. 4 and §7-5^ 

Fig. 4is the one that piotorially depicts the defect map data 21 of Fig. 3 as 
a two-dimensional (2D) map. A circle 22 represents a wafer; rectangular frames inside 
e fcircle 22 indicate nhipa rnapnotivnlv the respective chips. The chip column and chip 
row ofthe defect map data 21 indicate chip arrays from a wafer edge. Black plotted 
pointsef#em 101 to 1 10 are positions of HntPntr. wifh thn t jefects and are analogous to 
defect numbers of 21 of from 1 to 10 given in defec t data map 21. the positions being 
based on the chip columns and chip rows and the X- a nd Y-coordinates. 

column and chip row and X and Y coordinates. Fig. 5 ioFigi ^ showS an 
enlarged chip belonging tothe chip column 1 and chip row 1 of Fig. 4. A rectangular 
frameef 3 1 denotes a chip, wherein the one with the position of a defect number 1 
fOfttte ddefect 1 of data map 2 1 is plotted as defect nosition 101. based on the X- and Y- 
coordinates of 21 with a from data map 21 which originate, in this figu r e, at the lower left 
edge hoing nri an origin in 101. of the chip. 

On the other hand, circuit layout data with donig n having designs 
completed at-thehy layout CAD apparatus 53 is stored indie auxiliary storage device 63^ 
along with a product type name and a.layer name via thoname. via local area network 54 
andM* network interface 65^ and main storage device 62 of analysis unit 60. One 
example is that position information of blocks Bl D7 in a ehipfpr blpgks Pl-37 in a chip 
(see Fig. 10) is generated from the circuit layout data and« stored as layout data inthe 
auxiliary storage device 63. Note that this layout data should not need not be g ener ated 
exclusively bo gcncratod from the layout CAD apparatus and maybe merely hs.stored in 
auxiliary storage device 63 along with the product type name and layer name. 
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Fig. 9 shows one example of the layout data. Witha layout data file 72 
shown in Fig. 9, the position information of an LSI block fftthl is stored together with a 
product type name LOGIC-234, layer name METAL 1 and failure probability data eSor 
Ihs block name ml, vvhcrcin hL-and the coordinates thet=ee fof block hi refer to a 
rectangle with the diagonal vertex coordinates Y=s Y=80 and X=20, Y=95 within the 
chip being diagonal vortox coordinatca. Additionally in thia filc . chin. In addition the 
relation of each defect diameter versus failure probability is doooribod. Thi a described in 
ftisfi^g' A layout data file ia formed ocrof this type is created for each of the LSI blocks 
»4-B7EL:fi2 shown in Fig. 10. 

HeffeRefemnp now to Figs 6. 7. and S an explanation is given of one 
example of the method for calculatingtfee failure probability b\^ uao ofu sing the circuit 
layout data in accordance with a defect diameter. 

Fig. 6 is eftean example of the circuit layout data. The circuit layout data 
are 2D graphics data of mask patterns for use during transfer of a circuit pattern a tofan 
LSI circuit by a photoUthographic apparatuo of an LSI. 32 ia a oohomatical a pparatus. 
Reference number 32 denotes a schematic diagram of a circuit layout, wherein 
rectangular fiamesef#e» B 1 to B7 are fli£.positions o fan LSI blook 1 to LSI blook 7LSI 
blocks 1 to 7. respectively. An enlarged view of part within B6 (portion 33 of a portion nf 
M indicated by oblique lines within rcotangular frame) io 33. White portiona of 33 arc 
cirouit pattcm - lcssis shown. The w hite portions within the enlarged view 33 ar^ 
pattemless circuit portions whereas ih£.gray portions are the oirouit pattom. constitute 
circuit patt ern portions 

Fig. 7 is a diagram showing a method for calculating failure probability 
(kill ratio) data from the circuit layout data. This method is presently applied to yield 
prediction schemes as disclosed in Published Unexamined Japanese Patent Application 
Nos. 48-40376 and 8-162510 and also in C. H. Stapper, "Modeling of Defects in 
Integrated Circuit Photolithographic patterasT^ijPg^gjTjg^ IBM Journal of Research and 
PcvelQpment> Vol. 28, No. 4, 1984. More specifically, the so-called Monte Carlo 
simulation is applied to the circuit pattern of each layer of the circuit layout data, thereby 
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causing virtual circular defects of the same diameter to generate at random positions. 
RefergpcepMmhpr 34 indkales an enlarged view of LSI hlork pn^i^inn r^„,.>.^ the circuit I 
patterns being collated with such virtual defects. In this example, virtual defects with 
oblique lines added to th£.circular frames of 121, 122 beeemeace electrical short circuit 
failures; in contrast, virtual defects indicated by fevhitc painted ciroloa of f io ui 123 to 
43»white circlgf> I71-17Q will not resuU in any electrical failures. 

The failure probability aHhi»^in this example is two-ninths, wherein 
thooo plotted wiUidefgPtS plotted along the vertical axis befflfr<»thehave failure 
probability and wifethosg plottrd along the transverse axis ni dnfrct diamctu v^hiic- 
paiaedarg dgfgct diameters shnvm whWr rhombic plot points. Such simulation is 
performed for various virtual defects with differem diameter values, thua plotting whiic- 
pai«e dand plotted as white triangles. A curve passing though the triangular plot points 
and rhombic plots is a failure probability data curve 71. 

Fig. 8 is a diagmm ohowiiig pictorial representation of an ensemble or 
"assembly" of failure probability data items. Thio io the out y>li u uaH eE£, the simulation 
shown in Fig. 7 is performed with respect to each product type and each layer on a pef 
LSI block, on g p e r entire chip .m fur c or on a pu 2D i c^ i o u per-LSf-hlonV h.cic r.^ ^ 
per-entire-chip-surface basis or on a per-2n-region basis, thereby to calculate the 
ISSBfiSfcfailure probability data rcopoctivcly . And, based on this, the mfmmmm 
layout data file 72 shown in Fig. 9 ist^ obtained intohs units of lk.respective LSI 
blocks. 

Tho QUKilim - ^Auxiliary storage device 63 also stores therein review 
conditions used for ^election of defects to be reviewed as will be described tetef^ 
p rn cr nmi u nt il p e l e tli u u u f ui u rc than one to bo reviewed de f ect to be late r 
^eseribed rlatgr. and progrfims for th e selection of multip le Hefectc to he revi^wpH 

also will h e descriheH latpr , 

An explanation will next be given u ful hg flow of a series of processing 
^""^ ^^' ^^tion of met tl.nn n t o be . c u u.l J d cf.U selectinp mnlti pi. ^.f..^. fx^ 
review will now he desr.Whpr) with reference to Fig. 1 . 
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Firotly, when aA wafer that has passed the inspection aHheby inspection 
apparatus 51 is set at the rovicw oppamtua 52, wafer ID is rood at roviow apparatua 52 (at 
atop ion. Additionally itsreview apparatus 52. wh ich reads the wafer ID (step lOn, In 
addition, t he wafer's layer name is set up. 

Upon inputtiftg of the wafer ID and layer name, these information items 
are sent tothe main storage device 62 ofthe analysis unit 60 throughthe local area network 
54 and network interface 65. Notehef=e that the wafer ID is the information indicative of 
a product type name, a.lot number and a_wafer number. 

Step 102 searches any corresponding defect map data (see Fig,.3) to be 
stored in the auxiliary storage device 63 based on the received information of wafer ID 
and layer name, and then stores such searched defect map data into the main storage 
device 62. 

Step 103 reads an ensemble of layout data 72 (see Fig. 9) withinthe 
auxiliary storage device 63 based on the wafer ID and layer name being stored inAe main 
storage device 62, and stores it in the main storage device-62. 

Next, step 104 calculates the number of defects e firom the defect map 
dataas stored inthe main storage device 62 at step 102, and thereafter step 105 executes 
the following processing, with rcapcct to a rcopcctivc onc for each of defect numbers 1 to 
"N". 

For each defect of the defect map data, step 106 compares ouch defect' s the 
X- and Y-coordinates to the_layout data block coordinates to determine or "judge" a 
block name to which the defect belongs while at the same time judging whether or not 
such defect's position is aLa block edge or notg dgs, and then stores th cjudgmont result 
inthe main storage device 62. Here, determining whRfher the defect is in a block edge or 
not may be dotcrminodascgrtaingd in such a way that if a distance from the defect to an 
LSI block edge is less than a predesignated threshold value then suc hv alue. the defect is 
determined to be present at the block edge. An alternative approach is to represent the 
distance by coordinates indicative of an allowable range and then make a decision by 
determining whether itthe defect falls within the coordinate range. A sBecause the 
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defect's position coordinates are set by chip coordinates rather than wafer coordinates in 
this embodiment, it is possible to readily perform a_comparison with all the above-noted 
layout data block coordinates with respect to for all the chips concerned. In case more 
than one types of LSIs arc type of LSI is formed in a single wafer, the comparison may be 
done while setting Aethe layout data for each LSI. 

NejrtrStep 107 calculates a failure probability to be defined in its 
corresponding ensemble layout data 72 based on the defect map data's defect diameter 
beiftgdiameters stored inthe main storage device 62, then, stores the calculation result 
inthe main storage device 62. 

Next, step 108 reads the block name, the^data indicating whether or not the 
defect is at the block edge or not , and the failure probabilitv probabilities which have been 
calculated atthe steps 106 108 106-108 and stored inthe main storage device 62, then 
generates failure probabilitv - addcd failure-probability-added defect map data. Fig. 1 1 is 
an example of such fetfafe -failure-p robability-added defect map data. The failure 
probability addcdfailure-prQhabilitv-.added defect map data 23 is such that rcaulta of 
obtaining the belonging LSIthe results obtained from t he defect-containing block, 
whether it is an LSI block or not, and the failure probability are added to the defect map 
data 21 shown in Fig. 3. Step 109 Repeats thcoc proeossings re peats steps 106-108 with 
respect to all available defects. 

Next, Stop 1 1 0 reads a review condition file within thc step 1 10 reads a 
conditions of review file within auxiliary storage device 63 based on the wafer ID and 
layer name stored inthe main storage device 62 and then stores it in the main storage 
device 62 (step 1 10). Here, the review condition is the one that may be freely set by 
ttseFSrUsers; for example, a certain condition specification for extraction of only those 
defects with^behaving^ failure probabilitybeiftg greater than or equal to a prespecified 
value, condition value: a specification for extraction of those defects that are not present at 
block edges, condition edges: a speciFication for extraction of only those defects with 
defect sizes greater than or equal to a preselected value or QlternQtivclv on alternatively. 
less than or equal thereto, conditionthereto: a specification for extraction of only those 
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defectsbekig present in specified blocks, or eeftdttie »a specifir^finn for extraction of a 
predetermined number of eftesdefeets from each block. Alternatively, there io also 
employable o condition for combination o f a user mav e.mn]av a ^p pr.fipf^imn |h^| 
Cfimbines some or all of these. A^wefrtAn advantage of these schemes is that those 
defects which can cause electrical failures may be efficiently selected from among e» 
tftefeesedaJarge number of defectsas detected atb^ the inspection apparatus. A 
P»etieeH ypractica l and meaningful review condition is to select specific defects with 
influonocability tothat influence production yield while excluding defects with no 
influence upon the yield. 

Fig. 16 is an example of the roviow oondition file. 1 1 i., a conditions nf 
rgv i ew file. Reference number 4 1 indirfites an example of thea file that is stored intfee 
auxiliary storage device 63 whilo pcrmittia ^ and that p ermif. a person in charge of defect 
analysis to establish an appropriate review condition from tli c specification frnpi user 
interface 64 ofthe analysis unit 60. In this example, a-review of a product type Heme 
feOGtG^named L0r,ir?14 and layer named METALl is capable of letting 
ffla^HfflaH ya maximum of twenty defects be thpto bo reviewed ubitolji reviewed and, 
simultaneously, an instruction is madegb^ to review defects excluding those beiftgin 
block and those present at the block edges of LSI blocks Bl, B2. except for certain 
defects which have thea failure probability greater than or equal to 0.30 and aloo belong 
to an LSI block D5 . Thus specific defeetfre ftiefect.s. n..f nf «ll thnc. H.t».t.^ ^hd^ 
inspection apparatus 51, which satisfy thio oondition these conHition. will be reviewed at 
theby review apparatus 52. 

Next, step 1 1 1 sorts the fn iluro probabili t y udd c d failure-prnhahilifY -H^H 
defect map data 23 withinthe main storage device 62 in serial order so that data with 
higher failure probability- comc^probahilities cnm^ before the others, and then storesw 
the dataiiLmain storage device 62. Fig. 12 is defect map data 24 thaUmissiLSorted 
based on failure probability. This io the one thnt leta the failuic probability add c di be 
failwre-prohahility-fidded defect map data 23 of Fig. 1 1 beis recorded so that me-m^ 
highefdefegts are listed in the order of highnt failure probability oomoo boforo the 
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efeefSrto lesser failure prnhahilitv Note here that if review is done without regard to the 
failure probability then, obviously, this atop and flirthcr. step and the step of calculating 
the failure probability' and any aaooGiativc Drobabilitv (and any associated arrangemftnts 
thereof} will no longer be required. However, in view of the fact that the failure 
probability is also a parameter or "barometer" that clearly indicates critical defects, it can 
be said that reviewing ouch defect with higher failure probabilit>^ io ofroctivc for 
reviewing certain dcfccta with the highcot criticalilv. d efects having higher r^ih^^^ 
Probabihties i.s an efFertive wav tn review the most serious defeats 

Next, step 1 1 2 classifies defect map data into the defects of interest and 
the defects of no interest under the review condition within thc a ccording tn the cnnditinns 
of review in main storage device 62, then selects one or more defects to be reviewed, 
andthe» stores then in thc the data in main storage device 62. 

Fig. 13 is an example of such to - bo rcviowod dofooto as oolootod from the 
defect map data 23. 26 ia on ocampic with the upper fi\'o dcfcoto thcae oro ocloctod from 
the defect map data 23 aa has been aortod based on a defect to he reviewed as s^ ly^yt^fj 
from defect map dmg 23, Reference number 26 indicates an example with the top five 
dgfectS Sg|gct?d from defect map data 23 and sorted arrnrHing the failure probability 
while excluding those defects judfedfsund to be present at LSI block odgoo boin gcdges. 
An opooificd as the to be reviewed defects. A m ci i tadvantage is that any defectsas 
detected from the.LSI block edges, which are high in possibility of being non criticality, 
arc capable of being excluded succcssfullv. have a high likelihood nf being noncritical 
can be suc cessfully exchiHeH 

Fig. 14 is another example of lh£.selection of to bo rcviowod dofoots 
ftemdgfectS tp be reviewed using defect map data 24. Reference number 9 7 indijajss an 
example with the uppeftflp five defects being specified ao the to bo roviowod objoctaj flr 
Egyigw. wherein the five defects afehave been selected frximthe defect map data 24 as has 
bee»an$i sorted based onthe failure probability while excluding those defects belonging to 
an LSI block mS. A meritbs. An adva ntage of this p rnrp<ig is that any defectsas 
generated at m&^hl^ which are known in advance based on the experience not to be 
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efitieel;3dvaoce. based on experience, to he noncritical are capable of being excluded 
auooo33fullv. successfullv exchiHt^^ , 

Fig. ] 5 is still another example of selection of to be rcvic>\^od dcfooto from 
the defect map data 23. 25 io an example vv'ith the upper five dofccta of the defect map 
data 21 gg sorted baaed on the failure probabilit)- being apooifiod ao the to bo rcviowod 
dofccta. Exactly ho^' many upp c i I t ^ c ldefects to he considerr^H for review ..sinp riofrp^ 
map data 23 , Reference number 25 indicates a list nf fhP tn p five defertQ frnn^ rj ^fi.^^ 

map data 24 sorted aecording to descendinP failure prohahi l itv. Rxactlv how many high- 
msdijL defects are specified as the defects .to bo rovic^'cd dcfecto io dctcmiinablc 
depending uponfor review is determined fmm the actual processing rate of the review 
apparatus and/or LSI wafer production volume, or the like. In this cage ol30.M QISQY£r. 
since the failure probability being calculated is^toigedcMngss in value in acconiance 
with the layout, i.e. the dcnge ond coarge dcercci.e.. the de^ee. of H e n.sitv anH r^^r^^r.^^ ^ 
of each block, it becomes possible for those defects with a tendency to become critical 
defects to be reviewed in accordance with the layout 

feastlyjEinalb^» step 1 13 transfers the to bo reviewed dcfcc t d efects to he 
reviewed selection result withkHhefixun main storage device 62 tothe review apparatus 
52 viathe network interface 65 and local area network 54. The review apparatus 52 
porformo a reviewing operation from a defect with highcr reviews the defect^ in a hiphe«;t 
priority order based on the to be reviewed defect selection result thus received. At this 
time, the coordinates of sucii defects have already been defined in thio to be rcvicwcdijig 
defect selection result; thus, it is possible to drive the review apparatus^* based on this 
information. Also note that if defects to be reviewed are selected duo to the to bc- 
roviowod defect JcL ct i o ubecause of t he defect selection result, then . i^rh^ir^ ,^. 

tiSed whereby the order of review of the d e fects can he rr^nnl t ftinn n in nl, n ii m i L ij 

employable for again aclcctiiig the order of to be reviewed dcfocto therein in o idti tu 
review cfTicicntly. Thio ma> bo cKoouted at cither one of tli c revised in order to revi ew 
them effipientlv, This technique mav he e xecuted hv either review apparatus 52 and 
thefit analysis unit 60. 
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Fig. 17 is a diagram showings haaa one example of the structure of circuit 



layout data. Circuit layout data of a single LSI is generally designed to have a 
hierarchical structure in units of LSI blocks as shown in the oamo drawing. this figure. A 
"root" is to be understood to mean an entire LSI, wherein Bl to B7 B1-B7 are LSI blocks. 
Furthermore, B 11, B12, B21, B22, B41, B51, B52, B53, B61, B62,B121, B221, B531, 
B532 and B5321 are sub-blocks of lh£.LSI blocks or, alternatively, further subblocks of 
subblocks. In this example, LSI blocksef#em B 1 ter B7 are included in the root. In 
addition, subblocksef Bl 1 and B12 are involved in LSI blocks Bl. Further, B121 is 
included as a subblock of B12. Here, the LSI block's hierarchical structure is 
hierarchical in functionality and, thus, does not mean any layer of the LSI. Several layers 
are present in the same block and subblock. Additionally the same layer's circuit pattem 
is included in different blocks. Otte-t eBecause of this, the simulation for obtaining the 
failure probability as has bccn thatwas explained in conjunction with Fig. 7 is done in a 
waycarried out such that a circuit pattem of the same layer is extracted from each block 
of this structure to thereby prepare per-layer data. 

Fig. 18 is an example of an on-screen displayimage ofthe analysis unit 60. 
This drawin gis the one that shows defect map data of a layer named METAL 1 with a 
product type name LOGIC 23 4 X OGIC234. a lot number LOT55 and a^wafer number 10. 
H e re, this is al his result is.obtained after having selected to bo roviow^cd dofccts thg 
defects to be reviewe d while using the review while npplying thnrnfn thn mvinw 
condition 1 1 shown in Fig. 9. 81 is the ono that conditions 41 shown in Fig. 16. Image 81 
displays a defect position distribution with such defect map data boing dotto dp lotted by 
dPt^, using the coordinates within a chip, wfeiehand provides a display while 



referoncingsuperimposed on a schematic diagram of ttie.circuit layout. Imag£.82is-the 
ono that displays defect map data ata wafer level. Both of thom aro tho ones that images 
display the same defect map data. Black triangles are rooulto of soloction as to be 
roviowod dofocts. Here, thcro are throe defects satisfying the rovicw condition 4 1. 
Whito paintodthe selec t ion results of defects to be reviewed. Here, three defects satisfied 
review conditions 4 1 . White circles are defects as determined under tho roviow 
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eettdkieftreviQw ggncjitigns 41 to be excluded from the to be roviowod defects to be 
reviewed irrespective of the failure probability thereof; whereas black circles are defects 
which have failed to bccomo any to bo roviowod dofocts duo to tho foot that their failure 
probability arothat were never candidates for review because their failure probabilities 
were less than 0.30. In this way, simultaneously displaying the defects as selected 
bo roviowcd dofectafor review along with on-chip defect distribution and/or circuit 
layout, as well as showing the wafer level, makes it possible to recognize any to be 
roviowod dofoctsdefects for review with increased undorotandabilitv. understanding . 
Here, when displaying *ea schematic diagram of a_circuit layout such as image 81. the 
detailed circuit layout as has boon oxplainod in Fig. 17 no longor ia roquirod. Thon, 
^presented in Fig. 17 i s no longer required. In order to rapidly display the entirety of a 
chip efwith the circuit layout data, it is effective to compress sttehthe circuit layout data 
inthe auxiliary storage device 63 as bitmap data. 

Fig. 19 is another example of the on-screen displayimage ofthe analysis 
unit 60. This drawing io tho ono shows the same defect map data as that of Fig. 1 8 , whioh 
is a result of aoloction of to bo roviowod dofocts with tho roviow condition 4 1 applied 
thefeter-in Fig, |8. Imagg 81 is the same as that of Fig. 18. Image 83 is a result obtained 
through a process having the steps of clicking while tettrn gpointing a cursor 84 bo pointed 
at a single defect within image 81 to 81 and at thir. tiinn nnnrnhing nnH vigMnlly 
displavingsearch for a n d display the layout data of circuitry near or around it. At the 
defect. In image 83, a circular frame 85 is drawn with the position of ouoh dofoot being 
ao tho oontor in a wavthe defect at the center, pursuant to the size ofthe defect, thereby 
enabling easy recognition of the relation of this defect vefstt sto the circuit pattern prior to 
oxooution of roviowing.executing th e review. In addition, image 86 is a graphpiotorially 
depicting a failure probability data curve of an LSI block in which the defect clicked 
withthe cursor 84 is present; image 87 is the size o fauch dofoot olickod. In thia way, 
visttattythat defect. Visually displaying both the defect size and the failure probability 
data at a-tH^ethe same time, makes it possible to confirm the reason for selecting this 
defect for review. In why it io aolootod ao this roviow dofoot. Horo, tho roviow condition 
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isthis example, the review conditions are to be determined by selection of review 
unnocossary circuit bloclcg or scleotion a review of unnecessary circuit blocks, or of block 
edges or altcmativclvbv using a n alternative definition of failure probability, based on a 
festtferesults obtained after execution of rcviowin g executing a review without any 
inspections and conditions. 

So far, the same layout data file (Fig. 9) khas been used without regard to 
Ihe^on-wafer chip positions; however, in manv cases, the rate of occurrence of critical 
defects can differ within wafer surfaces in many oases . In particular, the quest for larger 
wafer diameters makes such a.phenomenon more appreciable. For the purpose of To cope 
with this phenomenon, oneexemptefy approach is to perform defect selection by 
employing in combination prior known random sampling techniques and the above« 
discussed method for selecting defects with thcb y failure probability. In other words, 
both the process of reviewing defects through prior art random sampling and the above- 
stated process of reviewing by using the failure probability bascd failure-prohahility- 
hased defect selection methodology are performed at athe same time. This also makes it 
possible to uniformly select on-wafer defects. Alternatively, similar effects are 
obtainable either by extracting them through random sampling fi-om among of failure 
probability results greater than or equal to a pre^specified value or by performing random 
sampling from amongo f those defects absen tnot present at any block edges. Sti MAnother 
alternative approach is to subdivide an entire wafer surface into eeftei ftspecific areas by 
use of chip coordinates, with each of which the areas thus dividedafe then subject to 
defect extraction. In this case, it would readily occur to those skilled in the art that the 
finer the areas, the more uniform the review of suehthg entire wafer face. 

It has been stated that a.more efficient inspection of semiconductor chips 
than prQvjded by the prior art is achievable by using a specific method during inspection 
of particles and pattern defects of wafers forming electronic devices, which method 
includes the steps of sampling certain defects with higher poasibility to create electrical 
failurco and thcnhaving a hig h rovicwing potential for causing electrical failures, and then 
giving such defects with higher priority. high-prioritv review. Similarly, it is also possible 
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to review the defects high in poaaibilitv to bocomohaving a high potentiaL in themselves, 
for becoming electrical failures. 

In accordance with the present invention, the use of layout information 
makes it possible to improvethe inspection efficiency by judgment of dofcots to be 
reviewed with higher priority. Whcrcby determining defects for high-priority review, 
thereby improving the resulting yield of production will improve aooordingly . 



APPENDIX C; ABSTRACT AS FTT.Fn WITH MARklNGS TO SHOW 

CHANGES MADK 

Please amend the Abstract as follows: ^'c^ , - 

A method and system are provided for analyaation of those dofoota with 
poooibilitvanalvzing defects having the potential to become electrical failuroo with higher 
priority duringfailures. during the, inspection proooaaos of particles and/or pattern defects 
of a wafer for formationused in the manufacture of electronic devices such as 
semiconductor integrated circuits. 

circuit?, Defect map data is rood by dofoot map data readout procoasing 1 1 
while roadingprocessed along with failure probability data by failure poooibility data icad 
proooaoing . Next, defect-dependent failure probability calculation proccoaing ia done to 
calculatccalculations are made to obtain the failure probability of each defect in the 
defect map data to thereby prcporc failure probability addcd data. That data is then used to 
prepare failure-prnhahilifv-adHfiH Hpfert map Hata Further, to bo royiowod defect 
oolootion proccaaing ia employed to perform reordering and filtering o fa selection prorpss 
of defects to be reviewed is used to reo rder and filter defects fi-om the failure probability 
eddedfailure-prohahihtv-aHHed defect map data, thus selecting one or more defects te^ 
roviowod. f or review. 



